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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
piezoelectric ceramic which has a wide operating 
^fftemperature range, exhibits a large displacement and 
can be easily fired and which is also excellent from 
the viewpoints of pollution reduction, envirohmeht 
conservation and ecology. 

SOLUTION: A piezoelectric substrate 1 comprises a 
composition containing a perovskite-type oxide, 
(Na1-x-yKxLiy)(Nb1-zSbz)03 and a tungsten 
bronze-type oxide M(Nb1-wSbw)206 (wherein M is 
an alkaline earth metal element). In the formula, it is 
•V preferable that (x), (y), (z) and (y) satisfy following 
*^^^relations: 0.1<x<0.9: 0<y<0.2; 0<z<0.1 and 0<w<0.1, 
and the content of the tungsten bronze-type oxide in 
the composition is <5.3 mol%. Thereby, it becomes 
possible to raise Curie temperature and enlarge the 



displacement, and further to easily fire the composition. 
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1. 2<i:|^I«|CC. EmfiaS«:tettSi?{bv 

s*5i^^(c>ptLro. 3 iaa%i^f^j:^{cufc, 
tb^^i. 2K:ot,^-c*>, 2il^«tcLr, 
tb^m^ £ r . mm«ti^^<^it k r *J J: O^- 3 k V/m 

©fe*«:oi»r*>« 1 {c^^Dii-c^-r. 
[0 0 50] ai«:*Lfc<J:^{C. HiSi^lll. 2{cj;n 
T>3^*>*^S«:l»J:b«?0!ll<fcOfc. J:IJfS$£ 
r *J j:0'^4^a*Koi»-Cffinfcfii?:ff 4 C t j!(St?* 
fc. $/c, ll2©x^fcJ:D''l^4©7C^CCteWST>? 
*>©^ffa*i 1 0 m o 1 %Ji(±©J:b©0j2 -ca. 

*irfr> mL^mn-ri>cti)i-c^tj:iPr,ic, -tut) 

%. ll2©7C*K:tet,»rT>g'*>?: 1 Omo 1 
©ffiHrtr^tJ-^D:?'x*'f hKfbi^«:^WrSJ:^K: 

[005 1 ] {m&m ) itb icmbfcmmi^^'S^ 

n<Dm^B.2iCmbtcJc:^v:0. 0 5 3i U/cC i^B^ 

te. lf,*4^^*&*«cteWS^S!v>*'>l9*©ig^S 

©SWa*s^»«:M Lt: 0 . 3 1 Kfi% i ft s J; ^ (c 
L/C. Sfc. 2|j||J6««l«:*f-r*J:b«fi^3<bLr. 
t > $ ft I > <£ ^ «: > -r ft*5 fb 5 tcte W .5 z te J: 
w©<i;S:0 (CL/cCi^^t. fte«llte«^3 <t|5)«(CU 

4iLr. i!>yy^7^>-/a>X^Kfb^teJ;t>'T>9^ 
*>^^Sftt,^J;^tCLfcCi?rl^|t. ite«||ifipi| 1 i 

[0052] 
[{b5] 



30 







MnO<^ 


6 r 


kr(%) 


(%) 


2, W 

(mol) 


(mol) 




0.02 


0.005 


031 


636 


43.5 


0.092 




0.02 


0.053 


031 


1053 


28.5 


0.079 


\mMi 


0 


0.005 


031 


535 


43.1 


0.083 




0 


0.053 


031 


949 


28.2 


0.072 




0 


0 


031 


375 


33.9 


0.053 



[0 05 4] WmZiij^mt^mZ. AiC'ZH.^Xh. i;k rfeJ:0'3 k V/mm©^f^r?rEn*DL/fc^©^i^ 

IJS0iJl ilBlfilCCL-C. tbiim^f r. ^fmrn^^^ so (iS^jaJSLfc. ■eti6©M^?:j|Sfe«F|)l*5j:0'tb?^^ 



^ n 

[005 5] «2{c^Lfc<fc^«:. iijs^accjrntf. 

f#6tifc. Sfc. ffc5«:teW5n©ffi*s^t<«c-5«:tie 
5. 3mo ] %Ji(T<Dif>yxf->:/n>XSK{b!^* lO 

[0056] (m&mb. 6) iteicw^bfcim^ii.^ 

0.995{(Nao.9s-.K,Lio.o5)(Nbi.zSbx)03} + 
[0058 J ^ ^ [$ 



(7) i^K2 00 3-2 06 1 79 

12 

* fi£i9- i L . mi ©7C^{C*j W -S >; -i; ACD^WSf ft t> 
^ X 3 L <fc ^ icmtS iitcCtim^, 

S*5±^»«c«L-C0. 3 l»S%4Aj:.2.<t^«:t/c. 
ttc. *jlSS{^{C*t-r^J:t©^5. 6iL-C> T>9^* 

©ffliS:0CCL.teCi4l^t. ffe»j|JSfl^5. 8i|p)««: 

L/. lt©«»l6ttlliStJil6{c*f)£;i/-ri»5. 

[0057] 
[{t6] 

0.005{Ba(Nbi.wSbw)2O6} 

3} 







MnO0 




^^^^ 






(mol) 


z , w 
(mol) 


£ r 


kr(%) 


(%) 




0.20 


0.02 


031 


439 


30.9 


0.054 




0.38 


0.02 


0.31 


636 


43.5 


ao92 




0.75 


0.02 


0.31 


461 


32.6 


0.059 




0:20 


0 


0.31 


34« 


30.5 


0.048 




0.38 


0 


OJl 


535 


43.1 


0.083 




0.75 


0 


0.31 


374 


32.2 


0X53 



[0 05 9] HJSt^B, 6fe<i:0'J:bl$^5, 6«:oiir -j 

1 ©Jg:^i^ttc^3{i:7F-r. 
[0 060] «3{C^L/cJ;'5CC, 1116^5. 6(cJ;ti 
{*. j|ifi0llltPI«CC. Jtf50«i:O*>JtSIS^£ r. H 
mti1S*S^#|S!k r teJ:D-m^(afi{C-oc^r;«;#^ciii 

m\ -5* 0* >; -i; A©^*s*s^< ftSKfifcv ibSI 40 

^OiO. a;^ffl^if;L//c©^, < U i>m^f)i^(^ 
tx/c. ttj:t>ii. ^ 1 ©TcSKteWS* 'J -i; A©^Wfi 
4 1 0 m 0 1 %ti±9 0 m o 1 %OTt-rn«> EMf^ 

0.995{(Nai.x.yK,Li,)(Nbi.,Sb,)O3} 

[0 06 3] 



[006 1 ] (lliS^7 ) ^b7 (C*L/fciH^tl%^^ 

<tO. lll©7Ef^{ctews*'J'i7AteJ:iyfy?-i;A©^ 
*fi-r X teJ: y ©ffl?:^ 4 {C^ L J: -5 b 

t&*©2i^«». Utefi^Jl 4liI«K:. EmJSSCctewS 
mt-7'^i1 >©^Wfi*^3E(!S^(C*t L -C 0 . 3 1 Ma% 

[0062] 
({b7) 

+ 0.005{Ba(Nbi.wSbw)2O6} 
[«4] 



(8) 



13 



2003-206179 
14 







MnO<D 




kT(%) 






X. 

(mol) 


y 

" (iDOl) 


w 

Vol) 


B r 


(%) 




038 


0.05 


0.02 


031 


636 


43.5 


0.092 




0J6 


0.10 


0.02 


0.31 


869 


35.0 


0.088 




0.38 


0.05 


0 


031 


535 


43.1 


0.083 




036 


0.10 


0 


031 


763 


343 


0.080 



[0 0 64] mmmi iisjiiz/immT ic':>\,^xi>. 

CO 06 5] ^4{c5^UcJ:^tc. j|ifitai7{cj:ti(i. 
1 1 iiHiii{c, tt^mij: 4>i:b^ii$ £ r . mm 

%Ji(±l Omo l%«T<!:-rn«. E^#tt*f6j±$-lf 



20 



: [0066] (HiSSt^S ) <t8 Kyi^Lfcffi^^?:^^ 
tb. l?3©^3R©ifflfi)rr*fc*M*^5{C5^LfcJ:^ 

mS^^rfPMtfc, X ho>?^'^A*5j:D''*;bi"^A© 

ai^jii4«:«. H3>5f-'5A (srco, 

id^U^miJJl'^'ttM, (CaCO, ) t»*4m^fc. & 
©^?tS**S^^(c*fi.ro. 3 i«fi%i«c5J:^(c 

w©ffi?:0(CLfcCfcCt?:^t. ffittlUteWIS ilMfil 

[0 06 7] 
[ft 8] 



0.995{(Nao.s7KoJBLio.os)(Nbi.zSbz)03} ♦ 0.005{M(Nbi.wSbw)206} 

[0068] ^ ^ [^5] 







mm%) 


€ r 


kr(%) 


(%) 


M 


z , w 
(mol) 




Ba 


0.02 


031 


636 


43,5 


0.092 






0.02 


031 


609 


42.5 


0.088 


it^M 1 


Ba 


0 


031 


535 


43.1 


0.083 




(Bao.4Sro.4Cao^) 


D 


031 


513 


42.0 


0.O79 



(0 06 9] |IMll8te<i;Mb«?P!l8icot^r4>. mU 

[0 0 7 0] g|5tCrl^L/cJ:^tc. ^jSfMpi) 8 tc Jrht-^. 



Mimt ^ >yxx>:/ci >XM^^t^<!: ^^ts^f^m 

50 i)K ztw<Dm^mti^m^(iCr>{,^xi>. mm<Di^M^ 



(9) 

<s 15 r- 

[ 0 0 7 2 ) ^momnsj^^fm&mmax:^ 

[ 0 0 7 3 ] s/c> ±tmmmmisj:ufmmmv\t. lo 
i^<omsmi}!'m i ©jcigi L/t::f- f u a. * >; 

r^:i-:/teJ:D>'r>9^*>*i6«c.Sgf©5^©::l>/<c< i 
n6^i(^^©ffe©7^**|g:c^^■t'C^r ^> 

[0074] Mcc. ±ieiiife©ffj^fc j;of|iis^-ctt> 
±fi!£^©fflfi6«5K:iJD^riiM^3>*^tf«^(cot»TSii« 20 

[0 0 7 5 ] m^r. ±Bmmmm-ca. mmmmo 

[0 07 6 ] 

8 ©i>-r*i*»(ciets©Emjsscc . n 1 ©?£ 

i^r^Wt, ll2©7csS{CteW^7>?*>©§*fi* 
1 Omo I ^JlsSSi^-Si-^KL/cW-C. +;xiJ-Sg 
^rt^AlSl 5 0-CJil±iS<-r^Ci*5r-*. ttfflSS 40 



#S2 00 3-2 0 6 1 7 9 

16 

mmm>ti < > rptiK jjai o)^« ? n/d* fern* fcis 

^^^Wa^^!!*^6S*rgt^fcE^^iSbj:c;Etl^^^ 
©?§ffl405C<J:*5t:'#S. 
[0 07 7] #{C. ^^2irj:(,iHS^8©C»-rn*i 
KietS©Emfi^SK J: titi > 1^ 1 ©7c*(c te It ^ * >; -t; 
A©#W«*5 1 0 m 0 1 %li(±9 0 m 0 1 %WT<!:!i-5 

[0 07 8] tfc. iS*:i3Jil^Lil:^^8©0-rn*i 
(cietgCEmUgic H l ©jc^fcfcWS y ^-i; 
A©$WS*i 2 0 m o 1 %fe(Ti J: 5 (C L/cOr. 

©^WaA^S. 3mo l%ii(T<i:ft-5.J;^)iCL//fc©-e. 

[0079] M{c. it*^5/j:l»l^iS*18©l»m3!»> 

KiBtg©ES»S«cJ:n(i. if>yxf->-/o>XM^ 
■(bfl*s. rJU*'J±S^7cJg©'5^©^i»5:<ifcl« 

fff©^-^©^i&< i*):::-*:/^^tfll4©S*i, 

CtifiX^i>, 

[0 0 8" oYia^x r aire 7 *M*at^it8tBSoS" 
s^^7cjRo^« •^©^nc< ifc 1 a^^ttffi^b!^?:. i 

^^©0. 0 1 M%fet± 1 «M%WT©®Hrtr^W 

EM?m^ii'0\o\±.^^iCti}iXti>, 

m 1 ] *^w©-*ife©Ji5ss{cj;^sESfisg*ffli,^fc 

Em«^^5:«-r^fiXE-C*S. 
[02] *|EHj©5ligW«ctet,^-C^*^fiES©SiJSCCffl 

l -E^S«. la. Ib-W(SIM. 2. 3-S& 1 
1. 12-mg> 13-^*4. 1 4-^&H2>-9-. 15 




lb 



F^-A (#^) 4G030 AA02 AA03 AA04 AA07 M08 
AA09 AAIO AMI AA20 AA25 
AA42 BAIO CAOl GA03 GA04 
GA08 GA14 CA19 GA22 GA27 

5D004 BB04 

5D019 BB05 HHOl 



